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Ensayos de transmisión mostraron desarrollo de síntomas típicos
de BTS en todas las plantas de papaya después de tres meses de
post-inoculadas con Empoasca papayae. El fitoplasma identificado
en 28 de 45 las plantas inoculadas, presentó,  en secuencia de
ADN ribosomal 16S, un 99,9% igual al identificado en plantas de
campo y con las detectadas previamente en E. papayae en Cuba.
Todos son miembros del subgrupo de fitoplasma 16SrI-B. Una ri-
ckettsia se identificó en 41 de las 45 plantas inoculadas. Su se-
cuencia parcial del gen sdhA mostró un 100% de identidad con la
rickettsia identificada en plantas de campo, E. papayae y las pre-
viamente publicadas. Los resultados confirmaron la habilidad de E.
papayae para transmitir simultáneamente el fitoplasma y la ricke-
ttsia. 
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Abstract
Empoasca papayae Oman, 1937 (Hemiptera: Cicadellidae) vector
simultáneo de phytoplasmas y rickettsia asociadas a “Bunchy Top
Symptom” en Cuba
Transmission trials showed typical BTS symptoms developed in all
papaya plants after three months post-inoculated with  Empoasca
papayae. The BTS phytoplasma was identified in 28 out of 45 in-
oculated papayas, whose partial 16S rDNA sequence was 99.9%
identical to those of the phytoplasma identified in the field-collected
papayas,  and  that  previously  detected  in  E.  papayae in  Cuba.
These are all members of the phytoplasma subgroup 16SrI-B. A
rickettsia  was  identified  in  41  out  of  45  inoculated  papayas.  It
showed a 100% of identity of its partial  sdhA sequence to those
from the field-collected papayas, E. papayae and the rickettsia pre-
viously  identified.  Results  confirmed the ability  of  E. papayae to
simultaneously  transmit  the  BTS phytoplasma and the  rickettsia
pathogen.
Key words: Leafhopper, Transmission, Phytoplasma, Rickettsia.
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Introduction
Papaya  Bunchy  Top  (PBT)  is  a  major  limiting
factor in papaya production in some areas of the
Caribbean  region.  PBT is  widely  distributed  in
Central  American  and  Caribbean  countries,  and
was  associated  with  a  rickettsia  transmitted  by
Empoasca papayae Oman, 1937 (Hemiptera: Ci-
cadellidae) in Puerto Rico (Davis et al. 1998). 
Bunchy Top Symptom (BTS) included stunt-
ing  and  shortening  of  internodes  of  the  inner
crown leaves, which show deformation, crinkling,
and yellowing symptoms. In some cases, petioles
are rigid, extending more horizontally than normal
from the main stem. In general, the affected plants
develop chlorosis, stunting, abscission of the fruit,
and a marked reduction in latex flow. In advanced
stages,  stunting  and  yellowing  are  seen  in  BTS
affected  plants  showing  leaf  necrosis  and  no
flowering or fruit-set occurs. The diseases produ-
cing high loss in papaya crop in Cuba (Arocha et
al. 2003). 
A mixed infection of two phytoplasma groups
(16SrI-X and 16SrII-N subgroups) identified from
BTS-affected papaya plants and a rickettsia was
informed in Havana and Las Tunas provinces of
Cuba. The phytoplasmas are consistently associ-
ated with both BTS and PBT symptoms, and the
mixed  infections  of  phytoplasma  and  rickettsia
pathogens  can  occur  in  either  BTS  or  PBT-
affected  papaya  fields,  which  implies  new  epi-
demiological  constraints  for  the  disease  control
(Acosta et al. 2013).
These  two  phytoplasma  groups  have  been
identified  from  BTS-affected  papaya  plants  in
Cuba.  The  group  16SrII  (“Candidatus  Phyto-
plasma aurantifolia”) was associated with BTS in
the eastern region of  the country (Arocha  et al.
2006, 2007), whereas a phytoplasma of the group
16SrI (“Candidatus Phytoplasma asteris”, 16SrI-B
subgroup) was associated with papaya exhibiting
BTS-like symptoms in eastern Cuba (Acosta et al.
2011)  and  BTS  symptom  in  western  (Havana
province) (Acosta et al. 2013). 
E. papayae was identified as the vector of the
16SrII  phytoplasma  that  causes  BTS  in  Cuba
(Acosta  et  al. 2010).  However, evidences  of  its
capacity to transmit the 16SrI phytoplasma and/or
the  rickettsia  pathogens  are  required  to  provide
plant  health  authorities  with confirmed informa-
tion to develop more effective control strategies.
The present study reports the experimental trans-
mission  of  the  rickettsia  and  the  16SrI  phyto-
plasma associated with BTS by E. papayae, which
confirms the simultaneous vector capacity of this
Cicadellidae leafhopper for both plant pathogens
to the papaya.
Materials and methods
Sample collection and reference controls
Surveys  were  conducted  in  papaya  fields  (cv.
Maradol Roja) in the Mayabeque province. Leaf
samples were randomly collected from 45 papaya
plants  displaying  typical  BTS  symptoms.  Leaf
samples were also collected from 10 symptomless
papaya plants.  DNA was extracted  according to
Davis  et  al. (1998)  with  some  modifications
(Acosta  et al. 2013). Total DNA of leaf samples
from symptomatic and symptomless papayas were
used for PCR-based analysis.
During  the  same  survey  of  BTS-affected
papaya plantations, 120 “five instar” nymphs and
40 adults of E. papayae were collected by vacuum
sampling (Moir  et al. 2005). Sixteen male adults
of E. papayae were selected for taxonomical iden-
tification. Specimen adults and nymphs were ran-
domly  sorted  in  batches  of  three.  Forty-five  E.
papayae nymphs  (15  batches)  and  24  adults  (8
batches)  were indexed by PCR for phytoplasma
and rickettsia. The remaining E. papayae nymphs
(75) were immediately used for transmission tri-
als. 
Reference controls for phytoplasmas included
total DNA from phytoplasma strains representat-
ives of group 16SrI: aster yellows, AY; and group
16SrII:  crotalaria  witches”  broom,  subgroup
16SrII-A (CroWB); faba bean phyllody, subgroup
16SrII-C  (FBP);  and  tomato  big  bud,  subgroup
16SrII-D (TBB)  from the  Rothamsted  Research
collection (UK), and DNA of papaya plants infec-
ted with uncultured rickettsia strain PBTr-ULT01
from Las Tunas province. 
Transmission trials
Forty-five  healthy  certified  seeds
(15/cultivar/cage)  of  papaya  cultivars  (Maradol
Roja, Tainung-1 and Scarlet Princess) were ger-
minated in mesh cages in an insect proof green-
house and used for the transmission trials 45 days
after germination. Five seedlings of each papaya
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cultivar were used as non-inoculated controls in a
separate  mesh  cage.  Twenty  “five  instar”  E.
papayae nymphs, collected from the BTS-affected
field, were allowed an inoculation access period
of 30 days on each cage with healthy papaya. Fol-
lowing  the  inoculation  period,  insects  were
sprayed with insecticide and a group of forty-five
(15 batches,  five each cultivar)  was indexed by
PCR and the other group of 15 insects was pre-
served  for  further  taxonomical  identification.
Post-inoculated plants were monitored for symp-
tom  development  for  six  months,  and  tested
monthly by PCR and sequencing to confirm the
phytoplasma and/or rickettsia infection.
Phytoplasma  and  rickettsia  detection  by
PCR
A nested PCR assay with universal primers that
target the phytoplasma 16S rRNA gene was used
to amplify a 1.45kb fragment from the first round
PCR (R16mF2/R1), and a 1.25kb amplicon from
the nested reaction (R16F2n/R16R2) (Gundersen
and Lee 1996). For both primer pairs, PCR was
performed  in  35  cycles  of  1  min  at  95  °C  (4
minutes at 95 °C for  the initial  denaturation), 1
min at 60 °C (55 °C for R16F2n/R16R2 primer
pair), and 2 min at 72 °C, and a final extension
cycle of 5 min at 72 °C. The PCR amplification
for  rickettsia  was  performed  with  primers  that
specifically amplify a 705 bp fragment of the rick-
ettsial  succinate  deshydrogenase  (sdhA)  gene
(Davis et al. 1998).
PCR amplifications  for  both  pathogens  were
conducted in  an automated thermocycler  (model
iCycler, Bio-Rad, USA) in a final volume of 25
µL containing 1U of Taq DNA polymerase (Invit-
rogen Life Technologies, Brazil); 200 mM of each
dNTP, and 0.4 pmoles of each primer. PCR reac-
tions using deionized sterile water were used as
PCR negative controls. PCR products were ana-
lysed by electrophoresis in a 1% agarose gel and
visualized  by  staining  with  ethidium  bromide
(2mg/µL) under a UV transilluminator.
RFLP analysis of phytoplasma amplicon
R16F2n/R16R2 PCR fragments of 12 representat-
ive samples, two for each phase transmission tri-
als (BTS affected papaya plants and  E. papayae
nymphs collected on field, E. papayae adults and
BTS affected papaya plants of the three cultivars
post-inoculated) were digested with AluI and MseI
restrictions endonuclease according to the manu-
facturer”s  instructions  (Invitrogen  Life  Techno-
logy,  USA)  for  group  differentiation.  Random
fragment  length polymorphism (RFLP) products
were  visualized  in  a  3% agarose  gel  stain  with
ethidium  bromide  under  UV  transilluminator.
RFLP patterns of phytoplasma and rickettsia were
compared with those phytoplasma controls previ-
ously reported (Lee  et al. 1998) and with those
rickettsia  controls  (Acosta  et  al. 2013),  respec-
tively. 
Cloning  of  PCR  products,  sequencing  of
DNA and phylogenetic analysis 
Both R16F2n/R16R2 and rickettsial sdhA PCR
products were purified using a Genclean III  Kit
(Gibco-BRL)  and  ligated  onto  a  pGEM-T Easy
vector (Promega, USA). Plasmid DNA was puri-
fied using QIAprep Spin Miniprep Kit (QIAGEN
GmbH,  USA)  and  each  plasmid  DNA  was
sequenced bidirectionally in an ABI PRISM 377
sequencer  using  the  Dye  cycle  sequencing  kit
(Applied  Biosystems,  Foster  City,  CA)  three
times. The partial 16S rDNA and rickettsia  sdhA
sequences were compared with those of the refer-
ences  in  GenBank  by  BLAST  (Altschul  et  al.
1990).
The  R16F2n/R2  16S  rDNA sequences  from
the phytoplasmas were aligned with those of other
phytoplasma groups and  Acholeplasma laidlawii
by  the  MUSCLE  algorithm  (Edgar  2004).  The
rickettsial  sdhA  sequences  were  aligned  with
other rickettsia strains from GenBank. Phylogen-
etic trees were constructed using the neighbour-
joining method with the program MEGA version
6.06  (Tamura  et  al. 2013).  Bootstrapping  with
3000 replicates was performed to estimate the sta-
bility and support the branches.
Results 
Symptom development 
All post-inoculated papayas, except the controls,
developed BTS symptoms  within  the  first  three
months  after  insect-inoculation  (Fig.  1).  Symp-
toms started as a light leaf chlorosis and mosaic,
followed  by  interveinal  yellowing.  Four  to  five
months  after  infection  symptoms  of  stunting,
lower  latex  flow and bunchy appearance  of  the
crown younger leaves were evident (Fig. 1).
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Figura 1. Síntomas de BTS desarrollados dentro de tres primeros
meses  después  de  inoculación  con  E.  papayae (A)  y  plantas
controles (B). 
Figure 1. Developed BTS symptoms within the first three months
after E. papayae inoculation (A) and control plants (B).
Phytoplasma  and  rickettsia  detection  by
PCR
Phytoplasmas  were  detected  by  nested  PCR  in
36/45 BTS-affected papaya plants, 9/15 batches of
E. papayae nymphs and 6/8 batches of E. papay-
ae adults collected in the field, 8/15 batches of E.
papayae and  27/45  BTS-affected  papaya  plants
post-inoculated (Table 1).
Rickettsia  were  detected  by  PCR  in  42/45
BTS-affected papaya plants and 12/15 batches of
E.  papayae nymphs  and  5/8  batches  of  E.
papayae adults  collected  in  the  field,  10/15
batches  of  E.  papayae and  22/45  BTS-affected
papaya plants post-inoculated (Table 1). 
Phytoplasma  and  rickettsia  pathogens  were
simultaneously detected in:  36 samples of BTS-
affected  papaya  plants  and  eight  batches  of  E.
papayae nymphs and four batches of  E. papayae
adults collected in the field, in seven batches of E.
papayae and 20 BTS-affected papaya plants post-
inoculated  (Table  1).  No  amplification  was
observed from total DNA extracted from healthy
plants  collected  in  the  field  and  used  as  non-
inoculated controls in the transmission trials.
RFLP analysis of detected phytoplasmas 
RFLP analysis with AluI (Fig. 2A) and MseI (Fig.
2B) endonuclease restriction enzymes of  repres-
entative  R16F2n/R16R2  amplicon  of  the  BTS
phytoplasma (BTSp) amplified from  E. papayae
and papaya plants from the field and the transmis-
sion trials were identical to each other. 
BTSp strains of papaya plants surveyed in the
field (BTSp-IB-Field), E. papayae collected in the
field and used in the transmission trial (BTSp-IB- 
Figura 2. Patrones de RFLP de  AluI (A) y  MseI (B) basados en
las secuencias de ADNr 16S de BTSp. Carriles 2, 3: plantas de
papaya  y  E.  papayae colectados  en  campo.  Carriles  4,  5:  E.
papayae empleado  en  el  ensayo  de  transmisión.  Carriles  6,  7:
Plantas de papaya post-inoculadas. Carril  8:  Control fitoplasma
amarillamiento  áster  (AYIB).  Carril  9:  Vacío.  Carril  1,  10:
Marcador (1 Kb plus DNA Ladder, Invitrogen Life Technologies,
EE.UU).
Figure 2. AluI  (A)  and  MseI  (B)  RFLP patterns  based on the
BTSp 16S rDNA sequence. Lanes 2, 3:  Field-collected papaya
and E. papayae. Lanes 4, 5: E. papayae used in transmission trial.
Lanes 6, 7: Papaya plants post-inoculated. Lane 8: Aster yellows
phytoplasma (AYI-B) control. Lane 9: Empty. Lane 1, 10: Marker
(1 Kb plus DNA Ladder, Invitrogen Life Technologies, USA).
Trial)  and papaya plants post-inoculated (BTSp-
IB-Post) exhibited identical  AluI and  MseI RFLP
patterns (Fig. 2). These were identical to those of
the reference control, group Aster Yellows (AY)
phytoplasma,  subgroup  16SrI-B  (AY-IB)  and
when compared to those previously reported (Lee
et al. 1998). Nucleotide sequence and phylogen-
etic analysis 
The  BTS  phytoplasma  16S  rDNA sequence
from the post-inoculated papaya seedlings (Gen-
Bank Accession No KP722522) showed a 99, 9%
identity  with  that  of  the  field-collected  papayas
(GenBank  Accession  No  KP722520)  and  E.
papayae (GenBank  Accession  No  KP722521),
and  including  to  the  previously  reported  BTS
phytoplasma (GenBank Accession No JF781308),
member of the subgroup 16SrI-B. 
The sdhA sequence of rickettsia from the post-
inoculated papaya seedlings (GenBank Accession
No  KP722525)  presented  a  100%  of  sequence
identity with those of rickettsia strains identified 










BTS-affected papaya plants (field) 45 36 42 36
E. papayae adults (field) 8 6 5 4
E. papayae nymphs (field) 15 9 12 8
E. papayae adults post- inoculated 15 8 10 7
Maradol Roja post-inoculated 15 12 9 8
Tainung-1 post-inoculated 15 6 7 6
Scarlet Princess post-inoculated 15 9 6 6
Total papaya plants post-inoculated 45 27 22 20
Tabla 1. Detección de los patógenos fitoplasma y rickettsia en los ensayos de transmisión.
Table 1. Detection of phytoplasma and rickettsia pathogens from the transmission trials.
Figura 3. Árbol filogenético basado en las secuencias de ADNr 16S de BTSp identificados en plantas de papaya y E. papayae empleado en
los ensayos de transmisión y, otros 24 aislados de fitoplasmas.  A. laidlawii se empleó como grupo externo.  Aislados de este estudio se
identificaron con asteriscos.
Figure 3. Phylogenetic  tree  based on the  16S rDNA sequences of  the  BTSp identified in  papaya plants  and  E. papayae used in  the
transmission trials and, other 24-phytoplasma strains. A. laidlawii was used as out-group. Strains of this study identified with asterisk. 
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Figura 4. Árbol filogenético basado en la secuencias del gen  sdhA de cepas de rickettsia detectada en plantas de papaya y  E. papayae.
Rickettsia canadensis se empleó como grupo externo. Los valores estadísticos se muestran en los nodos. “Ca.” designado para “Candidatus”.
Aislados de este estudio se identificaron con asteriscos. 
Figure 4. Phylogenetic tree based on the  sdhA gene sequence of rickettsia strains detected in papaya plants and  E. papayae.  Rickettsia
canadensis was used as out-group. The bootstrapping values are indicated in the nodes. “Ca.” stands for “Candidatus”. Strains of this study
identified with asterisk. 
in  the  field-collected  papaya  plants  (GenBank
Accession No KP722523) and  E. papayae (Gen-
Bank Accession No KP722524), as with the PBT
rickettsia from Puerto Rico (GenBank Accession
No  U76909)  and  from  Havana  City  (GenBank
Accession No FN825675).
The  phylogenetic  analysis  of  the  16S
rDNAsequences (Fig. 3) showed that BTSp from
the  post-inoculated  papayas,  and  field-collected
papayas  and  E.  papayae clustered  in  the  same
phylogenetic  branch  closely  to  the  subgroup
16SrI-B (GenBank accession No M30790), which
was confirmed by virtual RFLP analysis.
The phylogenetic tree based on the rickettsia
sdhA sequences (Fig. 4) confirmed that the rick-
ettsia  strains  from  the  post-inoculated  papayas,
field-collected  papayas and  E. papayae grouped
all within the same branch containing the previ-
ously reported rickettsia strains from Puerto Rico
(GenBank  Accession  No  U76909)  and  Havana
City (GenBank Accession No FN825675). 
Discussion
We confirmed the previous reported association of
the group 16SrI phytoplasma and rickettsia with
BTS in Cuba (Acosta et al. 2011, 2013). In addi-
tion,  our  results  refer  to  the  first  report  of  E.
papayae as  a  simultaneous  vector  for  the  BTS
phytoplasma and the rickettsia pathogens. 
Previous reports have evidenced that high pop-
ulation  densities  of  E.  papayae were  associated
with an increasing incidence of BTS in the same
papaya  field  (Acosta  et  al. 2010).  The  present
study confirmed that actually a high incidence of
E.  papayae populations  in  the  papaya  fields
affected by BTS, and a high number of the speci-
mens  were  infected  with  either  phytoplasma
and/or rickettsia or both. The fact that 30 out of 45
post-inoculated  papayas,  were  simultaneously
infected  with  phytoplasma  and  rickettsia  patho-
gens  and  showed BTS symptoms,  demonstrated
that  E. papayae is a natural vector for both plant
pathogens associated with BTS.
E. papayae is able to for transmit the subgroup
16SrI-B and rickettsia associated to BTS in Cuba.
It  is  known that  Dalbulus  maidis (DeLong  and
Wolcott,  1927)  is  the  only  one  vector  of  both
“corn stunt” spiroplasma and “maize bushy stunt”
phytoplasma in tropical  and subtropical areas of
the western hemisphere (Arocha and Jones 2010).
Empoasca species  have  been  shown as  both
carriers  and  potential  vectors  of  phytoplasmas
associated  with  grapevine  stolbur  (Battle  et  al.
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2000,  2005),  European  stone  fruit  yellows
(Pastore  et  al. 2004),  alfalfa  witches'  broom
(Khan et al. 2003), and lime decline (Khalid et al.
2009),  including the 16SrII  phytoplasma associ-
ated with BTS in Cuba (Acosta et al. 2010). Fur-
thermore,  Empoasca  decipiens Paoli  1930  has
been  identified  as  the  potential  vector  for  the
chrysanthemum yellows phytoplasma (CYP, “Ca.
Phytoplasma  asteris”,  16SrI-B)  (Galetto  et  al.
2011). 
Sequencing  and  RFLP analyses  showed  that
BTS is caused by one phytoplasma, vectored by
E.  papayae.  This  belong  to  group  16SrI,  “Ca.
Phytoplasma asteris”,  subgroup 16SrI-B,  associ-
ated with BTS in the western and eastern regions
of the country, however E. papayae also transmit
the group 16SrII “Ca. Phytoplasma aurantifolia”
in the eastern Cuba (Acosta et al. 2010).
Phylogenetic  analyses  showed  that  BTS  is
caused by a rickettsia strain of that identified from
Puerto Rico for which E. papayae has been repor-
ted as its vector also in other countries of Central
America (Davis et al. 1998).
The phytoplasma 16SrI-B subgroup and rick-
ettsia  were  identified  indistinctly  in  the  post-
inoculated “Maradol Roja”, Tainung-1 and Scarlet
Princess cultivars (Table 1). This suggests that E.
papayae is  able  to  simultaneously  transmit  the
phytoplasma 16SrI-B subgroup and the rickettsia
to papaya cultivars, and that these pathogens may
possess  particular  host-pathogen  interaction
genetic  mechanisms  and  epidemiological  con-
straints  that  favour  their  natural  simultaneous
occurrence within the papaya hosts.
The transmission by  E. papayae of the BTSp
and  rickettsia  pathogens  from  BTS-affected
papaya plants to phytoplasma-free papaya plants
where BTS-like symptoms were reproduced and
where the same phytoplasma and rickettsia patho-
gens were detected, confirms that E. papayae is a
natural vector of both 16SrI-B BTSp and rickett-
sia  pathogens.  Our  results  set  the  basis  for  the
development of effective strategies for the control
of E. papayae populations in the papaya commer-
cial  plantations  and  for  the  management  of  the
BTS and its two phytoplasma and rickettsia patho-
gens associated. Future work should focus on epi-
demiological  studies  of  the  E.  papayae vector,
including  the  population  dynamics,  transmission
efficiency  of  both  plant  and pathogens,  and the
genetic mechanisms governing the natural simul-
taneous occurrence in the field.
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